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NITROSYL BOROFLUORIDE AND ITS USE IN THE FLUORINATTON

Voznesenskii, S. A. and Xurskii, P. P.

e-Dorfurt and Balt (1) cotained NOBF( im 1927. In 195 Bals emd
Mailinder considersdly improved the original method of preparstion of mitrosyl
flucborate. The improved method consists essentially of passiag gasecus NgOp
into a concentrated aqueocus fluoboric acid, according to the follovimg reversidble
reaction:
2m‘¢'203ﬁ2m"#w

The resulting precipitate is filtered and dried and may be further purified Wy
distillating in vacuo. The purified product appears as ocelorless, hard erystals.

On varming vith potassium fluoride, nitrosyl flwsberste is dsssupesed
yielding aitrosyl fluoride and potassium flucborste, as shewa ia the egmatien:

w‘ + KF —)m’ + m.
Thus, from the chemical point of viev, the nitrosyl flucborate possess deth the
properties of nitrous acid and the flucboric acid. It was therefere legieal %o

epect that mitrosyl flucbarate can be used as a raw material fer preparetien of
dissexium flucborates, as shovn in the folloving equatioms

ColigliEe + NOBF, vt ColighoBIR = Ng0

A8 1t 1s known, Schiemann (3)) used the following method i his prepase-
tim of diascmium flucborates: .

Collgiilie. 5C1 + NaNOp + HBF4 v ColgNoBFy + MRCl + Mgl

These dinsonium flucborates are to be considered as convemient intermedistes’ for
dbtaining arematic fluoride derivatives

CoBaMaBIRy S CoBe? + BFy + Ny .
The purpoee of this work vas to study the resction of emiline with

aitrosyl flucborate. Preliminary investigations concerned thamselves vith dovelep-
nent of & now and mcre ecomomical method of preparstiom of nitresyl flusbenetde

L)

PREPARATION AND PROPERTIRS OF NITROSYL FLUOBORATE

N . .
Preparetion of nitrosyl flucborste vas oarried eut wtilisiag the inter-
actien of Ritrogm dioxide (NOp) and flucboric scid. 7The exide of aitregm
pregiared by action of nitric acid on copper turnings. Om the exide
otained as & 1iquid and vas thus collected and stored in small glass bulbe.
liquid KgO, obtained in this manner was green colored, showiag it to be cemtamimabed
with MgOs. Im order to obtain chemically pure NgO the suthors mixed the erudie
NgO¢ With & smmll amount of concentrated HNOs and phosphoric sakydrate (phespheres
pentoxids). It wvas then distilled through tubes filled with CaCly emd PgOy.
Preparatiom of strong flucboric 'acid solution was carried out by the method of
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Ran(a). In the tesia reported in this study fluoboric acid solutions

(.8 grams HBFq in 1.2} ml of solution were used. In order to characterisq the
reaction betveem nitrygem dioxide and fluotoric acid solutioms, the authers stwdi
the kinetics of ab, tion of WO by HBF, at tvo different temperatures, o

The high degree of reactivity of NOp, in particular towerds

The follewing epparatus and procefure, shepted
$, are shewa in Figure 1. B .
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vas oarried out as follovs: small cyliméri s)
trong solution of flmoboric acid (eentaining 0.8 grafia of WP
). Total volume of NBF, - 10 ml. The sbemdiag surfuse
Vith valves (1) and (2) open and valve (3) and
& closed by meams of the ground glase joint, the gyetem
vessel C) were filled vitk NOp ges. Valves (1) amd (2) wepe
) vas open. The ground glass joint was '
€ vith cylinder A, thus brimging NOp in cantaet
ocmmecting the two cylindrical vessels, v 5 ¥
and the time count begun om the volume of vater sucked imto the g~
ette from the shallov vessel K by means of syphom L.
burette D with vater thus corresponded to the rate of abserptien of Ky
HEF ¢ solution. In the manner the rate of absorption of
vas obtained &t tvo temperatures . 25 and 40°C and for comperi
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absorption of MO, in wvater was obtained at 25°C. Repeated tests under iadicated
conditions gave easily reproducible results. It must be pointed out, however, that
the above dsscribed method is not an absolute one: first, the abscrption dats mey
only be cbtained during a relatively short time interval (less than ome hour),
since in longer tests the NO, gas phase starts diffusing through the CaClg tube
into the gas burette D, thus producing erronecus results; second, with sufficiently
‘high absorption retes the erronecus data are cbtained due to capillary actiem of
syphon tube L (the water flow through syphon L vas found to be imsuffieiemt for
high edsorption rates). For the above mentioned resscns the data obtained pertain-
- -ing-te-adsorption of W0p by HBF, solutions and by pure vater are oaly relative

and qualitative. The results of these tests are listed in tablé 1 and hré pletted

in figure 2 (curve 1 is for HO, 2 and 3 are for HBF,). Absorption of WOy is shown
in ml per 1 ca® of absorbing surface. As shown in table 1, the rate of sdserption
of WOg by HEF, at 25°C is considerably less than by water and it decresses with
the risd ia temperature.
Table No. 1
Time (min.) Absorption by ﬂ1 Theerpiien
from start by vater
of test at 25°C __ at bo°C at 25°¢
b 12.7 6.2 Sh.1
2 21.1 LR Y 9.0
i 3.5 19.5 126.2
.9 :2.0 1.0
] k.0 .T 360.7
é h3.7 25.8 168.5
; b6.3 26.6 178.7
8.5 27.2 .5
9 - - 188 .
10 51.3 27.8 188.6
12 53.5 - 190.7
b1 ) 55.6 29.2 190.2
16 56.8 - 198.4 R
20 60.6 3.0 195.7
25 65.2 33.8 198.4
35 T72.2 37.0 208.0
50 m.a 5.2 209.6

N,O, - HBE, . - NOBF, + HNO,
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- b
Tt e No, .
Sample i Welpht grams) KiFy perceat
Weight of res.ltant of Theoretical
Grams ' KBF4
0.9956 [ 0. 9994 100.30
1.04k0 1.0512 100.69
Table No. 3
Sample wveight Percent Nitrogen in Sample
Grams Found Theoretical
0.6hs5 11.98 11.95
0.:M8A2 2.1 -
Preparations of nitrosyl fluoborate fram Ngly emd WPy vere

oarried out: the NgOy gas was bubbled slowly through the glase cylinder A,
partially filled vith the strong HBF, solution until the resultaat resstien mase
formed a jelly-like consistency fram the precipitated NOBF,, ascording to the
reaction:

Nz04 + HBF, w=dNOBF, + HNOg

¢
]

less and transpareni mass of NOBF, crystals was filtered off em the
filter, the filtrate vas concentrated by evaporatien and them furtier
with NgO4. After the second crop vas obtained by filtretiem, the filteete
ocencentrated by evaporation, treated with NgQ, and agaia ﬂi '

eld of NOBF, wvas 90-92 percent of theoretical.

. Compering the yleld data obtained by the au fren prepasetion
nitrosyl flucborste from N 0, and NBF, with the data of Bals ), vho wsed NgOy

il

]

and HBF, t0 prepare the nitrosyl fluoborate, it is possidble to comelude thed in
aitric acid the equilibrium of the reaction is shifted more to the right tham 1t is
in water. )

» The nitrosyl fluoborste product vas dried under vacuum ever Pgly
for two days and then was further purified by vacuum distillation at 2wm Ng and
250°cC.

The product was then analyzed for BF, and for nitrogsa. The
BFy" vas determined as XBF,, which is only very slightly soluble in water (at 20°C -
1l gn KBP¢ in 223 and Hg0O). The nitrogen content of the nitrosyl flucborate
proé#uct vas determined by the Devarda method. These data are listed ia tedies
2 and 3.

Nitrosyl fluoride is hydrolyzed in wvater according to the
following equation:

NOEF4 - Hol & iNOp + HBF4

It rescts with bases and with alkal! cnlorides:
\]

. st st oo

. e

——— gr—
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NOBF¢ + 2KOH e KBF4 + bN 5 + Hpd
NOBF, + KC1 w# KRBF4 + NOCI

Nitrosyl fluoborate is very hygroscopic. The lutl(gsl studied kinetics of serption
of vater vapor by the method describei by McBain . The data ocbtained are listed
in table & and are plotted in figure 3.

Teble No, &

Temperature 20°C.,|Semple Weight 0.0200 Grems
Water Vapor Tension 15.3 mm|Water Vaper Temsiom 18.2 sm
Time (min.) Absorption |Time (min.)
after start in after start
.Sl teat |  grams
2 0. 0002 F
. 6 0.0003 Y
. 10 0. 0006 [
) " 4 ’A- 15 0. 0008 8
LA g 0.0015 10
» . i 0.0022 13
N 65 0.005%1 20
Co s 0.00k7 30
. : 120 0. 0060 z . A
% . ﬁ 0.0087 .-
o 0.012% A0 = -
K ’!'-'N," ‘;3‘ . “W
’ ' . - ‘ﬁ .
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Use of nitrosyl flucborate in fluorination reactioms: As amtictied
in the imtreduction, it is possible to carry out fluorinatiem of sremntic mabovials
vith the help of nitrosyl flucborate, as shown in the following sehemes

Cols ~ ColisNlz —» ColigaBFy — Colig?

In thie scheme the only reaction that has noflbeen extensively studied 40 the ecn-
version of aniline to the diazonium fluobo Interaction of aniline end
crystalline nitrosyl flucborate leads to f

rather rapidly setup as a thick black mass
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The aguecus alcohol solutions of aniline produce with NOBF, & precipitate of
CeBgiaBF,; hovever, the yield and the purity of product are lov dwe to formatien
of tarry by-products and residues.

Preparation of phenyldisgonium flucborate is oconveniemtly emd regidly
carried out with up to 90 percent yields if an alcohol sclutiom of aatilime Npdro-
chwihutnnudnthu-uuc'u-abmtt-pce-t-dm
uwmuum;scmmw,maz oved ia eamyying
et the reseticn in an ice bath. The optimum compositien of the reactien Smes wae
established to be as follows: ome part aniline kydroehleride, 5.5 parte weter,
8.0 parts ethyl alcohol and 1.4 parts of nitrosyl flucherste (tyvm). e
Tesstion preduct is @dtained in & relatively pure state as seedle-like eryotals
Jale ress i colar, baving all of the chemical aad physioal properties evtridut-
able to GoligiaBFR, as already described in the literature. Thersal
the .bcu).-tioul phenyldissonium flucborate product, as deserided by
onsan ,yj;:btwctimmutyofnm“,mm”‘c,
ing poiat

fkes

deternined.

2. Pregarstioa of phenyldiascnium flucborete by the imterestien of
flushborste and aniline (as hydrochloride) was alse studied,
esndition for the reaction vere established.
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